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RECEIVES ELECTRICAL ENERGY AT A HEATING ELEMENT
202

CONVERTS, BY THE HEATING ELEMENT, THE ELECTRICAL
ENERGY TO ELECTROMAGNETIC RADIATION, WHEREIN THE
ELECTROMAGNETIC RADIATION IS TRANSFERRED TO A WATER
VOLUME OF A HUMIDIFICATION COMPONENT, THEREBY
HEATING THE WATER VOLUME TO ACHIEVE A HEATED WATER
VOLUME THAT PRODUCES WATER VAPOR
204

FLOWS RESPIRATORY GASES ACROSS THE HEATED WATER
VOLUME, WHEREIN THE WATER VAPOR HUMIDIFIES THE
RESPIRATORY GASES
206
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PROVIDES A HUMIDIFICATION COMPONENT CONFIGURED FOR
HOLDING A WATER VOLUME
302

'

DISPOSES A HEATING ELEMENT WITHIN A BASE UNIT
304

COUPLES THE HUMIDIFICATION COMPONENT WITH THE BASE
UNIT, WHEREIN THE HEATING ELEMENT IS CONFIGURED FOR
RECEIVING ELECTRICAL ENERGY AND CONVERTING THE
ELECTRICAL ENERGY TO ELECTROMAGNETIC RADIATION SUCH
THAT THE ELECTROMAGNETIC RADIATION IS TRANSFERRED TO
THE WATER VOLUME, THEREBY HEATING THE WATER VOLUME
TO ACHIEVE A HEATED WATER VOLUME, AND WHEREIN THE
HEATING ELEMENT IS INDEPENDENT OF THE HUMIDIFICATION
COMPONENT
306

FIG. 3A
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PROVIDES A HUMIDIFICATION COMPONENT CONFIGURED FOR
HOLDING A WATER VOLUME
308

v

PRE-FILLS THE HUMIDIFICATION COMPONENT WITH WATER
310

v

BLOW MOLDS THE HUMIDIFICATION COMPONENT AS ONE PIECE
312

Y

DISPOSES A HEATING ELEMENT WITHIN A BASE UNIT
314

!

COUPLES THE HUMIDIFICATION COMPONENT WITH THE BASE
UNIT, WHEREIN THE HEATING ELEMENT IS CONFIGURED FOR
RECEIVING ELECTRICAL ENERGY AND CONVERTING THE
ELECTRICAL ENERGY TO ELECTROMAGNETIC RADIATION SUCH
THAT THE ELECTROMAGNETIC RADIATION IS TRANSFERRED TO
THE WATER VOLUME, THEREBY HEATING THE WATER VOLUME
TO ACHIEVE A HEATED WATER VOLUME, AND WHEREIN THE
HEATING ELEMENT IS INDEPENDENT OF THE HUMIDIFICATION
COMPONENT
316
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SENSES, BY AT LEAST ONE SENSOR, WATER RELATED
INFORMATION IN THE HUMIDIFICATION COMPONENT, THE AT
LEAST ONE SENSOR POSITIONED EXTERNAL TO THE
HUMIDIFICATION COMPONENT AND COUPLED WITH A
CONTROL MODULE
502

v

PROVIDES, BY THE AT LEAST ONE SENSOR, THE WATER
RELATED INFORMATION INCLUDING DATA CONFIGURED FOR
BEING USED TO CONTROL AN OPERATION OF A WATER LEVEL
CONTROL ELEMENT
504

v

BASED ON THE WATER RELATED INFORMATION, MAINTAINS A
TARGET WATER LEVEL IN THE HUMIDIFICATION COMPONENT
506

Y

BASED ON THE WATER RELATED INFORMATION, COMPUTING
AN OUTPUT OF A HUMIDIFICATION SYSTEM AND A QUANTITY OF
WATER CONSUMED BY THE HUMIDIFICATION SYSTEM, WHEREIN

THE HUMIDIFICATION SYSTEM INCLUDES THE HUMIDIFICATION
COMPONENT
508

v

BASED ON THE WATER RELATED INFORMATION, DETECTS A
LACK OF WATER OR DETECTS AN EXCESS AMOUNT OF WATER
IN THE HUMIDIFICATION SYSTEM, WHEREIN THE
HUMIDIFICATION SYSTEM INCLUDES THE HUMIDIFICATION
COMPONENT
510
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PROVIDES A HUMIDIFICATION COMPONENT THAT HOLDS A
WATER VOLUME
602

'

COUPLES AT LEAST ONE SENSOR WITH A CONTROL MODULE,
THE AT LEAST ONE SENSOR SENSES WATER RELATED
INFORMATION IN THE HUMIDIFICATION COMPONENT AND
PROVIDES THE WATER RELATED INFORMATION TO THE
CONTROL MODULE, THE WATER RELATED INFORMATION
INCLUDES DATA CONFIGURED FOR BEING USED BY THE
CONTROL MODULE TO CONTROL AN OPERATION OF A WATER
LEVEL CONTROL ELEMENT, WHEREIN THE AT LEAST ONE
SENSOR IS POSITIONED EXTERNAL TO THE HUMIDIFICATION
COMPONENT
604
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TRANSPORTS BY THE AT LEAST ONE GROOVE, WICKED UP
WATER FROM THE REGION OF CONDENSATION TO A
RE-EVAPORATION REGION
1004

l

EVAPORATES THE WICKED UP WATER BY A HOT SURFACE OF
THE HEATER WIRE
1006

FIG. 10



U.S. Patent Dec. 8, 2015 Sheet 13 of 21 US 9,205,220 B2

—
—
o

PROVIDES A HEATER WIRE, THE HEATER WIRE HEATS GAS
INSIDE AND BETWEEN AN INPUT END OF A RESPIRATORY
GAS CONDUIT
1102
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DISPOSES A SHEATHING ON A WIRE COMPONENT OF THE
HEATER WIRE, WHEREIN THE SHEATHING INCLUDES A
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1104

;

DISPOSES AT LEAST ONE GROOVE ON THE SHEATHING, THE AT
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FLUTED HEATER WIRE

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application is related to U.S. patent application Ser.
No. 13/250,946 entitled HUMIDIFYING RESPIRATORY
GASES, filed Sep. 30, 2011.

This Application is related to U.S. patent application Ser.
No. 13/250,991 entitled MAINTAINING A WATER LEVEL
IN' A HUMIDIFICATION COMPONENT, filed Sep. 30,
2011.

This Application is related to U.S. patent application Ser.
No. 13/251,030 entitled NON-METALLIC HUMIDIFICA-
TION COMPONENT, filed Sep. 30, 2011.

This Application is related to U.S. patent application Ser.
No. 13/251,081 entitled HUMIDIFYING GAS FOR RESPI-
RATORY THERAPY, filed Sep. 30, 2011.

This Application is related to U.S. patent application Ser.
No. 13/251,110 entitled REMOVING CONDENSATION
FROM A BREATHING CIRCUTIT, filed Sep. 30, 2011.

FIELD OF THE INVENTION

The present technology relates generally to the respiratory
field. More particularly, the present technology relates to
humidification.

BACKGROUND

Respiratory humidification systems are used in providing
respiratory therapy to a patient. In general terms, the system
includes a ventilator, humidifier and patient circuit. The ven-
tilator supplies gases to a humidification chamber coupled
with the humidifier. Water within the humidification chamber
is heated by the humidifier, which produces water vapor that
humidifies gases within the chamber. From the chamber,
humidified gases are then carried to the patient through the
patient circuit.

DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a device for humiditying respiratory gases, in
accordance with embodiments of the present technology.

FIG. 2 is a flow diagram of an example method for humidi-
fying respiratory gases, in accordance with embodiments of
the present technology.

FIG. 3A is a flow diagram of an example method for
manufacturing a device for humidifying respiratory gases, in
accordance with embodiments of the present technology.

FIG. 3B is a flow diagram of an example method for manu-
facturing a device for humidifying respiratory gases, in accor-
dance with embodiments of the present technology.

FIG. 4 shows a device for maintaining a water level in a
humidification component, in accordance with embodiments
of the present technology.

FIG. 5 is a flow diagram of an example method for main-
taining a water level in a humidification component, in accor-
dance with embodiments of the present technology.

FIG. 6 is a flow diagram of an example method for manu-
facturing a device for maintaining a water level in a humidi-
fication component, in accordance with embodiments of the
present technology.

FIG. 7 is a diagram of a computer system used for the
method for maintaining a water level in a humidification
component, in accordance with embodiments of the present
technology.
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FIG. 8 shows a portion of a breathing circuit, in accordance
with embodiments of the present technology.

FIG. 9A shows a cross-sectional view of a heater wire with
at least one groove disposed thereon, in accordance with
embodiments of the present technology.

FIG. 9B shows a cross-sectional view of a heater wire with
at least one groove disposed thereon, in accordance with
embodiments of the present technology.

FIG. 10 is a flow diagram of an example method for auto-
matically removing excess condensation from a breathing
circuit, in accordance with embodiments of the present tech-
nology.

FIG. 11 is a flow diagram of an example method for manu-
facturing a device for removing condensation from a breath-
ing circuit, in accordance with embodiments of the present
technology.

FIG. 12 shows an apparatus, in accordance with embodi-
ments of the present technology.

FIG. 13 shows a device for humidifying respiratory gases,
in accordance with embodiments of the present technology.

FIG. 14A shows a system for providing humidification to
gas to be provided to a patient to support breathing, in accor-
dance with embodiments of the present technology.

FIG. 14B shows a system for providing humidification to
gas to be provided to a patient to support breathing, in accor-
dance with embodiments of the present technology.

FIG. 15A shows a front perspective view of a patient
breathing through a mask through the upper airways.

FIG. 15B shows a patient breathing with an endotracheal
tube, where the patient’s upper airways are bypassed.

FIG. 15C illustrates a flow diagram of a flow of gas during
single limb ventilation.

FIG. 15D illustrates a flow diagram of a flow of gas during
dual limb ventilation.

The drawings referred to in this description should not be
understood as being drawn to scale unless specifically noted.

DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to various embodi-
ments, examples of which are illustrated in the accompanying
drawings. While the subject matter will be described in con-
junction with these embodiments, it will be understood that
they are not intended to limit the subject matter to these
embodiments. On the contrary, the subject matter described
herein is intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and
scope. Furthermore, in the following description, numerous
specific details are set forth in order to provide a thorough
understanding of the subject matter. However, some embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and components have not
been described in detail as not to unnecessarily obscure
aspects of the subject matter.

Overview of Discussion

Herein, various embodiments of a humidification compo-
nent and methods for providing respiratory therapy to a
patient are described. The description begins with a brief
general discussion of traditional humidification systems. This
general discussion provides a framework of understanding
for more particularized descriptions which follow in five
separate sections. These five sections are dedicated and
focused on a detailed discussion of particular features and
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concepts of operation associated with one or more embodi-
ments of the described humidifier technology.

Humidification Systems

Traditional humidification systems for respiratory gas
delivery in critical care and patient care settings typically
involve a chamber of hot water which is used to provide vapor
for humidifying the delivered gases. The method for heating
this water bath is most often contact heating using a hot-plate
or heating element which transfers heat to the water through
a metallic surface which is incorporated into the humidifica-
tion chamber. The metallic surface gets very hot and creates a
danger of injury to those near the humidification system,
since the hot-plate or heating element is accessible to a user.

The presence of this metallic element or base of the
humidification chamber represents significant manufacturing
and material costs in comparison to the other materials used in
the humidification chamber such as polymers. It also neces-
sitates a multi-step manufacturing process which involves
attachment and water-tight sealing of this metallic section to
apolymer section. This traditional method also necessitates a
mechanism for providing good contact between the humidi-
fication chamber metallic surface and the heating element
surface to ensure good conduction. Further, after each patient
uses the humidification chamber, it is discarded, along with
its expensive metallic base. A new humidification chamber
must be manufactured, increasing the cost of using the
humidification system.

Additionally, for customers to use the present-day humidi-
fication systems, they must obtain a water bag, connect a tube
set to the bag and the humidification chamber, and then fill the
humidification chamber with the water from the water bag.

Embodiments of the present technology provide a method
and device for at least, but not limited to, humidifying respi-
ratory gases, maintaining a water level in a humidification
component, removing condensation from a humidification
component and conducting heat utilizing a non-metallic
humidification component. Of note, in one embodiment the
humidification component described herein is a structure that
retains a fluid therein for humidifying. However, in another
embodiment, the humidification component described herein
simply refers to the presence of moisture provided.

Furthermore, it should be noted that the methods and
devices described herein may be used in various modes of
respiratory care, including, but not limited to, non-invasive
single limb ventilation, dual-limb invasive ventilation, dual-
limb non-invasive ventilation, continuous positive airway
pressure (CPAP), bubble CPAP, bi-level positive airway pres-
sure (BiPAP), intermittent positive pressure (IPPB), bland
aerosol therapy and oxygen therapy. In general, non-invasive
single and dual-limb ventilation refers to the delivery of ven-
tilator support using a mechanical ventilator, with one or
multiple limbs, connected to a mask or mouthpiece instead of
an endotracheal tube. For example, FIG. 15A shows a front
perspective view of a patient breathing with a mask through
the upper airways (using a non-invasive ventilation system).
A dual-limb invasive therapy refers to the delivery of venti-
lator support using a mechanical ventilator, with multiple
limbs, connected to an endotracheal tube. For example, FIG.
15B illustrates a patient breathing with an endotracheal tube,
wherein the patient’s upper airways are bypassed (using an
invasive ventilation system). Further, FIGS. 15C and 15D
illustrate flow diagrams 1500C and 1500D, respectively, of
the flow of gas during single limb and dual limb ventilation,
respectively. More particular, 1500C of FIG. 15C, with
regards to single limb ventilation, shows gas flowing from a

10

15

20

25

30

35

40

45

50

55

60

65

4

gas source to a ventilator, to a humidifier, to a breathing
circuit, to a patient, to an exhaust component. In contrast,
1500D of FIG. 15D, with regards to dual limb ventilation,
shows gas flowing from a gas source to a ventilator, to a
humidifier, to a breathing circuit, to a patient, to a breathing
circuit, to a ventilator, to an exhaust component.

CPAP refers to the maintenance of positive pressure in the
airway throughout a respiratory cycle. Bubble CPAP refers to
a procedure that doctors use to help promote breathing in
premature newborns. In bubble CPAP, positive airway pres-
sure is maintained by placing the expiratory limb ofthe circuit
under water. The production of bubbles under the water pro-
duces a slight oscillation in the pressure waveform. BiPAP
refers to the maintenance of positive pressure during inspira-
tion, but the reduction of positive pressure during expiration.
IPPB refers to the non-continuous application of positive
airway pressure when, for example, an episode of apnea is
sensed. Bland aerosol therapy refers to the delivery of hypo-
tonic, hypertonic, or isotonic saline, or sterile water in aero-
solized form, to a patient as a medical intervention. Oxygen
therapy refers to the delivery of oxygen to a patient, as a
medical intervention.

The following discussion is divided into five sections: 1)
humidifying respiratory gases; 2) maintaining a water level in
a humidification component; 3) a fluted heater wire; 4) a
non-metallic humidification component; and 5) automati-
cally setting a humidification level.

Section 1
Humidifying Respiratory Gases

Embodiments of present technology provide a non-contact
electromagnetic radiation heating method which eliminates
the need for a metallic component or conducting surface in a
humidification component and simplifies the process of trans-
ferring heat to the water volume to produce water vapor. The
electromagnetic radiation passes through the humidification
component walls and/or through a specific transmitting sur-
face in the humidification component.

Further, embodiments of the present technology provide a
method for heating a respiratory water volume (water bath)
which utilizes an electromagnetic radiation emission element
or emitter to transfer heat to the water volume. The heated
water volume subsequently produces water vapor at a gas-
liquid interface. This water vapor is available to humidify
respiratory gases being delivered to a patient. The wavelength
emission range of the electromagnetic radiation emitter as
well as the electromagnetic radiation transmission wave-
length spectrum of the humidification component are chosen
such that the water inside the component can receive suffi-
cient energy to be heated to the point of providing sufficient
vaporization for patient humidification.

In one embodiment, the electromagnetic radiation emitter
may be made of ceramic or other materials known to provide
electromagnetic radiation emission spectrums which are
compatible with the electromagnetic radiation absorption
spectrum of water. Similarly, the material of construction of
the humidification component is chosen to provide reason-
able transmission of the target electromagnetic radiation
wavelengths. For example, high density polyethylene may be
used.

Electrical energy provided to the emitter is converted to
electromagnetic radiation. In one embodiment, but not lim-
ited to, the electromagnetic radiation is an infrared (IR) emis-
sion. IR emission from the IR emitter is passed through the
walls of a humidification component or a specific transmit-
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ting surface incorporated into the humidification component.
IR energy transmitted through the walls is absorbed by the
water inside the humidification component, which produces
heat. The heated liquid water in the humidification compo-
nent produces water vapor at a surface where it contacts the
respiratory gases being delivered to a patient. The respiratory
gases which pass through this water vapor region are humidi-
fied by the water vapor so that the patient receives humidified
gas which is comfortable for breathing. In another embodi-
ment, but not exclusive to other forms of electromagnetic
radiation, the electromagnetic radiation is a microwave emis-
sion. Microwave emission from an emitter is transmitted
through the walls and absorbed by the water in the same
manner as described above for an IR emission.

FIG. 1 shows a device 100 for humidifying respiratory
gases, in accordance with embodiments of the present tech-
nology. The device 100 includes a humidification component
102 and a heating element 110. The humidification compo-
nent 102 holds a water volume 104. In embodiments, the
heating element 110 converts received electrical energy 108
to electromagnetic radiation 120. The electromagnetic radia-
tion 120 is transferred to the water volume 104, thereby
heating the water volume 104.

In one embodiment, the humidification component 102 is
made of cross-linked polyethylene. While in another embodi-
ment, the humidification component 102 is blow molded.
This manufacturing technique enables the humidification
component 102 to be a single piece, thus providing a more
simplistic design and reducing expenditures for individual
components. Additionally, the one piece design of a blow
molded humidification component 102 makes it almost
impossible for a liquid leak to occur. Of note, a “single piece”
refers to one continuous piece of material, or more than one
piece of material that are attached to each other in such a way
to appear seamless. In yet another embodiment, the humidi-
fication component 102 is disposable.

In one embodiment, the heating element 110 is positioned
independent of the humidification component 102. The term,
“independent”, refers to a non-contact position. For example,
the heating element 110 does not directly touch the humidi-
fication component 102.

In one embodiment, the heating element 110 is integrated
within a base unit 106, while the base unit 106 is coupled with
the humidification component 102 and the heating element
110. In one embodiment, the base unit 106 supports the
humidification component 102 at its base 112. For example,
but not limited to such example, in one embodiment, the
humidification component 102 rests on top of the base unit
106, such that the heating element 110 does not touch the
humidification component 102. In another embodiment, the
humidification component 102 is attached to the base unit 106
at an attachment point other than at the base 112. However,
the base unit 106 is still supporting the base 112, as well as
other portions, of the humidification component 102.

Further, in one embodiment, the heating element 110 is
positioned such that it is inaccessible to a user during use of
the device 100, thus protecting the user from the heat of the
heating element 110. For example, the heating element 110
may be integrally positioned within the base unit 106 such
that, while the humidification component is placed atop the
base unit 106, the heating element 110 remains unexposed to
the user during use. Since the heating element 110 is integral
to the base unit 106, in one embodiment, the heating element
110 may be reused for the same patient or for another patient,
even though the humidification component 102 is discarded.

In various embodiments, the heating element 110 is, but is
not limited to one of the following: an IR emitter; and a
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microwave emitter. The heating element 110, as the IR emit-
ter, includes ceramic material, according to one embodiment.

In one embodiment, the electromagnetic radiation 120 is
transferred to the water volume 104 through at least a portion
of'the humidification component 102. The water volume 104
is consequently heated up, producing water vapor.

During the operation of device 100, respiratory gases flow
across the heated water volume 104. The water vapor 114
interacts with the respiratory gases, thereby humidifying the
respiratory gases. In one embodiment, the humidification
component 102 includes a fluid inlet 116 and a fluid outlet
118. The respiratory gases flow above the water volume 104,
entering the humidification component 102 at the fluid inlet
116 and exiting the humidification component 102 as humidi-
fied gases at the fluid outlet 118.

In one embodiment, the electromagnetic radiation 120 is
transferred to the water volume 104 through a wall of the
humidification component 102. Referring to FIG. 1, it can be
seen that in one embodiment, the electromagnetic radiation
120 is transferred through the base 112 of the humidification
component 102. However, in another embodiment, the elec-
tromagnetic radiation 120 is transferred through the ceiling
and/or a side wall of the humidification component 102.

In another embodiment and as described herein, the at least
aportion of the humidification component 102 through which
the electromagnetic radiation 120 is transferred is transmis-
sive to the electromagnetic radiation 120, by being a trans-
missive surface, such as an IR transmissive polymer, like a
high density polyethylene. Of note, in one embodiment, the
portion of the humidification component 102 is of an inex-
pensive highly transmissive material that is disposable. While
in another embodiment, the transmissive surface is made of
an expensive material that is not disposable, but which may be
cleaned and reused. In embodiments of the present technol-
ogy, the selection of transmissive materials to be used for the
humidification component 102 is dependent at least on its
transmissivity, thickness and melting point.

In one embodiment, the electromagnetic radiation 120 is in
an IR and/or a microwave spectrum. In one embodiment, the
humidification component 102 includes reflective surfaces
within, wherein the reflective surfaces direct the electromag-
netic radiation 120 to the humidification component 102.

In yet another embodiment, the device 100 is used with a
legacy device, to heatup standing water that might be present,
for example, in the inspiratory/expiratory circuits within the
breathing circuit.

FIG. 2 is a flow diagram of a method 200 for humidifying
respiratory gases, in accordance with embodiments of the
present technology.

At 202 and as described herein, method 200 includes
receiving electrical energy 108 at a heating element 110, the
heating element 110. The electrical energy 108 received by
the heating element 110 heats up the heating element 110,
which in turn gives off electromagnetic radiation 120, for
example, IR wavelengths within a certain range. Some of
these IR wavelengths represent an energy desired for heating
the water volume 104. While other IR wavelengths are not
sufficient to heat the water volume 104. The electromagnetic
radiation 120 needed is a function of at least the absorption
rate of the water volume 104 and the transmissivity of the
material of the humidification component 102.

At 204 and as described herein, method 200 includes con-
verting, by the heating element 110, the electrical energy 108
to electromagnetic radiation 120. The electromagnetic radia-
tion 120 is transferred to the water volume 104 through at
least a portion of the humidification component 102. Thus, a
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water volume 104 is heated. The water volume 104 that is
heated produces water vapor 114.

At206 and as described herein, method 200 includes flow-
ing respiratory gases across the water volume 104 that is
heated, wherein the water vapor 114 humidifies the respira-
tory gases.

FIG. 3A is a flow diagram of a method 300 A for manufac-
turing a device 100 for humidifying respiratory gases, in
accordance with an embodiment of the present technology.

At 302 and as described herein, method 300A includes
providing a humidification component 102 that holds a water
volume 104.

At 304 and as described herein, method 300A includes
disposing the heating element 110 within a base unit 106.

At 306 and as described herein, method 300A includes
coupling the humidification component 102 with the base
unit 106, wherein the heating element 110 receives electrical
energy 108 and converts the electrical energy 108 to electro-
magnetic radiation 120 such that the electromagnetic radia-
tion 120 is transferred to the water volume 104. The water
volume 104 is thus heated to become a heated water volume.
Additionally, the heating element 110 is independent of the
humidification component 102.

FIG. 3B is a flow diagram of a method 300B for manufac-
turing a device 100 for humidifying respiratory gases, in
accordance with an embodiment of the present technology.

At 308 and as described herein, method 300B includes
providing a humidification component 102 that holds a water
volume 104, according to one embodiment of the present
technology.

At 310 and as described herein, method 300B includes
pre-filling the humidification component 102 with water,
according to one embodiment. For example, before the device
100 is shipped to the retailer, user, etc., the humidification
component 102 is pre-filled with inhalation grade water. By
utilizing a pre-filled humidification component 102, humidi-
fication therapy is applied to a patient more quickly than
having to first assemble the humidification component 102,
spike the water bag, and then fill the humidification compo-
nent 102.

At 312 and as described herein, method 300B includes
blow molding the humidification component 102 as one
piece, according to an embodiment of the present technology.

At 314 and as described herein, according to one embodi-
ment, method 300B includes disposing the heating element
110 within a base unit 106.

At 316 and as described herein, according to one embodi-
ment, method 300B includes coupling the humidification
component 102 with the base unit 106, wherein the heating
element 110 receives electrical energy 108 and converts the
electrical energy 108 to electromagnetic radiation 120 such
that the electromagnetic radiation 120 is transferred to the
water volume 104. The water volume 104 is thus heated to
become a heated water volume. Additionally, the heating
element 110 is independent of the humidification component
102.

It should be appreciated that the steps of methods 300A and
300B may be performed in an order different than that shown,
and the illustration therein is not intended to limit the order of
the steps within either method 300A or 300B to that shown in
FIGS. 3A and 3B.

Section 2

Maintaining a Water Level in a Humidification
Component

Existing state-of-the-art respiratory humidifiers maintain a
desired water level within a humidification chamber using
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internal float components which physically move up and
down with the water level, occluding a water filling valve
opening when the water level rises and opening a water filling
valve when the level drops. The presence of these float geom-
etries within the humidification chamber complicates manu-
facturing and adds cost to the disposable portion of the
humidifier. It additionally occupies gas volume and reduces
the water surface area available for heat transfer and vapor
production. Furthermore, since the floats may cause damage
to the ceiling geometry or valve and water filling components
when bumping up and down while being shipped, additional
expense is incurred in creating a retaining geometry that
keeps the floats from moving during shipping.

Embodiments of the present technology aim to maintain a
water level within a humidification component without using
components internal to the humidification component. This
allows for a much simpler manufacturing process, which is
also less costly. Furthermore, this allows for a completely
unobstructed water surface which is then available for trans-
ferring heat and mass with the passing respiratory gas. Instead
of sensing the water’s existence, and ultimately the water
level, and using floats that are thrown away with each cham-
ber, embodiments of the present technology use at least one
sensor, such as an optical or capacitive sensor(s), which may
be conserved for a second use or second patient. Of note, in
one embodiment, only one sensor is used. While in another
embodiment, multiple sensors are used.

In one embodiment, these sensors are incorporated into a
base unit which is external to the humidification component.
In this way, the sensors do not occupy any space within the
humidification component and do not get discarded with each
disposable humidification component. The addition of a plu-
rality of sensors coupled with the base unit also enables the
knowledge of the water level to be incorporated into the
control logic for the humidifier. This provides advantages,
such as the ability to calculate other types of information, that
existing systems do not offer. For example, existing systems
use energy and temperature calculations to compute a lack of
water in a humidification component. However, an embodi-
ment of the present technology uses a plurality of sensors and
light to compute a water level or a lack of water.

Thus, embodiments of the present technology utilize com-
ponents that remain external to the humidification component
to provide a device and method for automatically filling and
maintaining the water level in a humidification component. A
water level control element, such as a pinch valve or other
similarly functioning valve, is actuated using signals from
sensors (e.g., optical sensors, capacitive sensor) which are
disposed external to the humidification component. In this
manner, the humidification component contains only water
and does not require internal water leveling sensors and/or
components, such as floats.

In one embodiment, an optical transmitter and optical
receiver are placed in diametrically opposed positions around
the humidification component. The amount of light sensed by
the optical receiver from the optical transmitter is dependent
upon whether there is water present between these sensors.
When the water level in the humidification component is
sufficiently high, the water level control element remains
closed. When the water level drops, this is sensed as an
increase in the amount of light received at the optical receiver.
Each time the optical receiver achieves a target signal level
associated with this condition, an integrated water level con-
trol element, such as a pinch valve, is signaled to open, which
refills the humidification component to the desired target
level.
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In another embodiment, a capacitive sensor is used to sense
the water level in the humidification component and activate
or deactivate the water level control element. In another
embodiment, a reflective optical sensor is utilized to sense the
water level in the humidification component and activate or
deactivate the water level control element. Other types of
external sensors capable of achieving the same results of
activating and deactivating a water level control element may
also be used. Further, redundant secondary and even tertiary
water level sensors may also be used as “fail safes”, just in
case the first set of sensors fail and cause danger to the patient
and/or damage to the humidification system.

Thus, embodiments of the present technology provide a
device for automatically filling and maintaining a desired
water level in a respiratory humidifier. The device incorpo-
rates components, such as at least one sensor and a water level
control element, which are positioned external to the humidi-
fication component. The water level is sensed using the at
least one sensor (optical or capacitive sensor|s]) which pro-
vide the necessary signals to open and/or close an integrated
water level control element.

FIG. 4 shows a device 400 for maintaining a water level in
a humidification component 402, in accordance with an
embodiment of the present technology. The device 400
includes at least one sensor 410a and 4105 (hereinafter, “at
least one sensor 410” unless otherwise noted) positioned
external to a humidification component 402 and coupled with
a control module 420. It should be appreciated that the at least
one sensor 410 may include more sensors than just sensors
410q and 41056. However, for purposes of brevity and clarity,
only two sensors are shown herein. It should also be noted that
an embodiment of the present technology includes only one
sensor, such as sensor 410a.

The at least one sensor 410 senses water related informa-
tion in the humidification component and provides the water
related information to the control module 420. The water
related information includes data that is used to control an
operation of a water level control element 418. In one
embodiment, based on at least the water related information,
the lack of water or an excess amount of water in the humidi-
fication system may be detected, wherein the humidification
system includes the humidification component 402.

In one embodiment, the at least one sensor 410 is indepen-
dent of the humidification component 402. As discussed
herein, the at least one sensor, in one embodiment, includes at
least one primary sensor and at least one redundant sensor.
Furthermore, the at least one sensor, in one embodiment, is an
optical sensor and/or a capacitive sensor. In another embodi-
ment, the optical sensor includes a transmissive sensor and/or
a reflective sensor.

FIG. 4 shows, in one embodiment, the humidification com-
ponent 402 coupled through a coupling mechanism (not
shown) with the base unit 408. The coupling mechanism
couples a portion of the base unit 408 with a portion of the
humidification component 402. In one embodiment, the at
least one sensor 410, also coupled with the base unit 408, is
positioned external to the humidification component 402. As
such, the at least one sensor 410 is not attached to the humidi-
fication component 402. The water level control element 418
is shown coupled with the humidification component 402 via
awater filling line 416. The water level control element 418 is
also coupled with the control module 420.

The humidification component 402 holds a water volume
404. In one embodiment, the base unit 408 is coupled with the
humidification component 402, as well as supporting the base
406 of the humidification component 402 (as already
described herein).
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In one embodiment, the control module 420 utilizes the
water related information to control the operation by the
water level control element 418 that maintains a target water
level in the humidification component 402. In one embodi-
ment, the operation controlled is that of opening the water
level control element 418 and/or closing the water level con-
trol element 418. Furthermore, in another embodiment, the
water related information includes data configured for being
used by the control module 420 to compute an output of the
humidification system and a quantity of water consumed by
the humidification system.

In one embodiment, the water level control element 418 is
coupled with the humidification component 402 and controls
the flow of water into the humidification component 402. In
one embodiment, the water level control element 418 is
coupled with the humidification component 402 by being
attached to a water filling line 416. The water filling line 416
is in turn attached to the humidification component 402. In
embodiments of the present technology, the water level con-
trol element 418 includes, but is not limited to the following
structures: a single pinch valve; multiple pinch valves; a
peristaltic pump; a piezo pump; a valve, and a duct. Pinch
valves are commonly known in the art. It should be appreci-
ated that any valving mechanism may be used that is capable
of'being coupled with the humidification component 402, via
a device 400 that is or has functioning similar to the water
level control element 418 described herein, is capable of
being coupled with the control module 420 and responding to
the control module 420°s instructions. Thus, the functioning
of the water level control element 418 is controllable by and
at the control module 420.

According to one embodiment of the present technology,
the control module 420 directs the water level control element
418 to self-adjust to meet a water level objective. The water
level objective is that water level, determined prior to or
during the use of the device 400, which is desired to be
maintained within the humidification component 402. This
determination of the desired water level may be the result of
many factors, including but not limited to: the patient’s needs;
the functionality of the device 400 itself; and the respiratory
gases used. The water level control element 418, in one
embodiment, is controlled by the control module 420 by
receiving an “adjustment” instruction from the control mod-
ule 420, such that the following of'this adjustment instruction
results in the humidification component 402 achieving the
desired water level objectives. Further, in one embodiment,
the adjustment instruction is based on the water related infor-
mation (discussed below) received by the control module 420
from the at least one sensor 410, as well as the water level
objective.

Inone embodiment and as discussed herein, the adjustment
instruction includes an instruction to do at least one of, but not
limited to, the following: open the water level control element
418; close the water level control element 418; adjust the
opening of the water level control element 418 at a predeter-
mined rate of speed; and to partially open and/or close the
water level control element 418 at a desired distance.

In one embodiment, the at least one sensor 410 is coupled
with the control module 420 and the base unit 408 and is
positioned external to the humidification component 402. The
at least one sensor 410 is an optical sensor. The at least one
sensor 410 senses an amount of light 426 in the humidifica-
tion component 402 and transmits signals associated with the
amount of light to the control module 420. For example, the
sensor 410a (a transmitter as applied to this example) trans-
mits the light 426 across the humidification component 402.
The sensor 4105 (a receiver as applied to this example)
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detects the light 426 transmitted. The sensors 410a and 4105
then transmit signals to the control module 420 regarding
having transmitted and detected the light 426.

In one embodiment, and as described herein, the at least
one sensor 410 are optical sensors, such as, but not limited to,
reflective optical sensors and transmissive sensors. The
reflective optical sensors determine an amount of reflected
light in the humidification component 402. Light or IR energy
is directed towards the humidification component 402. The
reflective sensors sense the amount of light or IR energy that
bounces back, thereby collecting “water related information”
regarding the water level as well.

Transmissive sensors, on the other hand, in one embodi-
ment, are placed on both sides of the humidification compo-
nent 402. The transmissive sensors sense the amount of the
light or IR energy that makes it through the humidification
component 402, thereby also collecting “water related infor-
mation” regarding the water level within the humidification
component 402. In another embodiment, an optical transmit-
ter and optical receiver of the optical sensors are placed in
diametrically opposed positions around the humidification
component 402.

In one embodiment and as discussed herein, the at least one
sensor 410 includes a set (of at least two) of primary sensors,
a set (of at least two) of redundant secondary sensors, and/or
evena set (of atleast two) of redundant tertiary sensors. These
redundant sets of sensors provide a “fail safe”, just in case the
primary and/or the secondary set of sensors fail.

In various embodiments, the at least one sensor 410 may be
disposed and arranged in various orientations on the base unit
408, as well as being proximate to the humidification com-
ponent 402. (The term, “proximate”, refers to a position that
is near enough, and still being external to, the humidification
component 402, to enable the functioning of the at least one
sensor 410 as described herein.) For example, the at least one
sensor 410 may be arranged such that they follow the curva-
ture of the humidification component 402 while also being
the same distance away from the base 406 of the humidifica-
tion component 402. In another embodiment, the at least one
sensor 410 may be arranged in a vertically stacked manner on
the base unit 408, as well as being proximate to the humidi-
fication component 402. In yet another embodiment, the at
least one sensor 410 may be arranged in arrays. Thus, the at
least one sensor 410 may be arranged in a strategic manner
such that, for example, the slant of the humidification com-
ponent 402 is taken into account when determining the water
level within the slanted humidification component 402.

Further, in one embodiment, the at least one sensor 410 is
located above the humidification component 402. The posi-
tioning of the at least one sensor 410 above the humidification
component 402, especially if the at least one sensor 410 is
able to sense at the center of the humidification component
402, minimizes the effect of tilting of the humidification
component 402. Moreover, in one embodiment, the at least
one sensor 410 is located below the humidification compo-
nent 402.

In another embodiment, the device 400 includes a flow
probe 424 coupled with the fluid outlet 414. The flow probe
424 measures the amount of the humidified gases that flow
out of the humidification component 402 to the patient,
through the fluid outlet 414, and thus also measures the water
loss occurring during such flow.

In one embodiment, the device 400 includes a humidifier
module 422 that measures humidified gases delivered to a
patient. Based on at least the water level calculations, the flow
of humidified gas out of the fluid outlet 414 (measured from
the flow probe 424) and how much respiratory gas is being
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passed through the humidifier module 422, the humidifier
module 422 measures the amount of humidified gases that is
delivered to the patient. This measurement(s) are stored at the
control module 420.

FIG. 5 is a flow diagram of a method 500 for maintaining a
water level in a humidification component 402 (of FIG. 4), in
accordance with embodiments of the present technology.

At 502 and as described herein, in one embodiment the
method 500 includes sensing, by at least one sensor 410,
water related information in the humidification component
402, wherein the at least one sensor 410 is positioned external
to the humidification component 402 and coupled with a
control module 420.

At 504 and as described herein, in one embodiment the
method 500 includes providing, by the at least one sensor 410,
the water related information to the control module 420. The
water related information includes data configured for being
used to control an operation of a water level control element
418.

At 506 and as described herein, in one embodiment the
method 500 includes maintaining a target water level in the
humidification component 402, based on the water related
information of 504. The maintaining the target water level in
the humidification component 402 at 506, includes opening
and/or closing the water level control element 418.

At 508 and as described herein, in one embodiment the
method 500 includes, based on at least the water related
information, computing an output of the humidification sys-
tem and a quantity of water consumed by the humidification
system, wherein the humidification system includes the
humidification component 402.

At 510 and as described herein, in one embodiment the
method 500 includes, based on at least the water related
information, detecting a lack of water or detecting an excess
amount of water in the humidification system, wherein the
humidification system includes the humidification compo-
nent 402.

FIG. 6 is a flow diagram of'a method 600 for manufacturing
a device 400 for maintaining a water level in a humidification
component 402 (of FIG. 4), in accordance with embodiments
of the present technology.

At 602 and as described herein, method 600 includes pro-
viding a humidification component 402 that holds a water
volume 404.

At 604 and as described herein, method 600 includes cou-
pling at least one sensor 410 with a control module 420. T